In this paper we describe a novel scheme to characterize surface defects and flaws that arisc in semiconductor wafer processing. This is done by analyzing the texture of an image of the defect. We have developed a taxonomy for textures, which classifies textures into the broad classes of disordered, strongly ordered and weakly ordered. Disordered textures are described in terms of their fractal dimension, strongly ordered textures are by the placement of primitives, and weakly ordered textures by the underlying orientation field. We have developed an algorithm to measure the fractal dimension of a given texture. We use the qualitative theory of differential equations to devise a symbol set for the weakly ordered textures in terms of singularities. We have devised an algorithm to process an image of a defect and extract qualitative descriptions based on this theory.
Introduction
Fig. I illustrates some concrete jargon that is popularly used to describe different kinds of The identification, description and classificaanomalies and defects arising during wafer tion of defects and anomalies is a difficult probprocesstng. Such a scheme is ad-hoc, and a more lem in process control and automated inspection, scientific scheme ts desirable. Unfortunately, there is no standardized scheme to Texture plays a critical role in tnspecttng describe defects and anomalies. Most of the feasurfaces that are produced at various stages tn all tures used are highly subjective, and terminology types of manufacturing [21. For instance, in the varies considerably.
inspection of semiconductor devices, surface texHence, there is a need for designing a standarture is an important factor that is used to decide dized description scheme. The advantages of a standardized scheme are that it will allow for a description of new defects that may arise in the future and that cataloging the defects will become
. ' ___________ systematic [1] . Faced with an absence of standar- 
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Ni-C .T~- an orientation field from the raw image. We use 3.2. Obtaining the orientation field the algorithm developed by Rao and Schunck [7] in order to extract the orientation field.
We present a brief overview of the method for The second stage is concerned with performing estimating the orientation of a texture field, and computations on the orientation field in order to details may he found in ref. [7] . derive a qualitative description. This is described There are five steps to estimating the local in section 4.
orientation of the texture field:
(1) smooth the image with a Gaussian filter tuned tar to the direction of anisotropy. Let~L denote to the wavelength of the pattern; the estimated orientation angle at point (m, n), (2) orange. Such a wrinkled texture is actually an (1) oriented texture, and the method described in this section can be used. The estimated orientation angle at (m, n) is then Fig. 4a shows an image of an orange peel 0mn + ir/2, since the gradient vector is perpendicudefect. The sample consists of a silicon wafer that a h texture. Fig. 4h shows the orientation field overlayed on the original image. The orientation field where A is the coefficient matrix. is portrayed by white segments. such that the To examine the qualitative behavior in the direction of the segment corresponds to the orienplane. we must look at the fixed points or singular tation of the underlying texture, and the length of points of eq. (3). When matrix A is non-singular. the segment is proportional to the coherence of we get the phase portraits summarized in fig. 7 . the texture.
The phase portraits are shown in a neighborhood Currently, inspection techntcians use terms ltke of the origin, which is the fixed point. The "moderate" orange peel and "severe" orange peel nomenclature for the types of phase portrait. In the case of an affine transformation we get Find the average coherence~over the image of the defect, where p is defined in (2) .
In the case of the image shown in ftg. 4 . the where b is a constant vector. The above equation average coherence measure for the region of orange has a fixed point at peel is 0.12, which represents the severity of the defect.
x 1= -A ih (6) One can treat a texture as being comprised of The problem is formulated with the help of Segmentation of the flow image into qualitaconcepts from the geometric approach to differentively different classes can he performed once we obtain an estimate of the form tial equations. The basic idea is to view a given texture flow pattern as being comprised of piece-
wise linear flows, and to describe each linear flow by means of an equivalent phase portrait. The where A and b are least squares estimates. Least phase portrait is a two-dimensional figure and squares fitting is performed over successive overrepresents the qualitative behaviour of a system of lapping windows of size 11 x 11 until the entire differential equations by a family of trajectories, image is covered. Fixed points can he identified A system by using eq. (6).
Once the fixed points of various phase portraits d A and~that represent the best fit at each fixed where x is a vector in R" is called a linear system point. This informatton can he used to reconstruct of dimension /1 if A': R" -* R" is a linear mapthe given texture within a neighborhood of the ping. It can he shown that only a finite number of fixed point. This is the method we use in order to reconstruct salient features of the original texture.
Analysis of a resist gel defect
To summarize, we obtain a segmentation of the given texture and the computation of a likelihood but is displayed in a sampled form in order to to give a much more scientific scheme to describe avoid clutter, and classify the same defects. Table 1 illustrates In fig. Sb, the orientation field is overlayed on new terms for the jargon currently being used. The the original image to aid comparison. The orientaappropriateness of the new scheme can be readily tion at each point is represented by means of a seen by comparing fig. 1 which shows the apline segment, whose direction corresponds to the pearance of the defects, with fig. 7 , which shows dominant local orientation, and whose length is linear phase portraits in the 2D case. proportional to the coherence. Observe that the segments capture the orientation of the texture at each point, and orient themselves along the direc-5. Conclusion tion of dominant orientation. We presented results of applying this technique point being a fixed point is proportional to the to real texture images of semiconductor wafers. intensity at that point. The location of the fixed point agrees with the nature of the original defect image.
